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Pn 1964 t h e  C i t y  of P e t e r s b u r g  h i r e d  t h e  V i r g i n i a  I n s t i t u t e  o f  
Marine Sc ience  t o  conduct f i e l d  s t u d i e s  i n  t h e  Appomattox River  e s t u a r y .  
These s t u d i e s  had s e v e r a l  p u r p o s e s ,  F i r s t  t h e  r e s u l t i n g  d a t a  would  
document  t h e  p h y s i c a l  s e t t i n g  and t h e  wa te r  q u a l i t y  c o n d i t i o n s  e x i s t i n g  
i n  t h e  r i v e r .  Secondly,  t h a t  d a t a  s e t  was in tended  t o  be  s u f f i c i e n t  t o  
permit  i n i t i a l  v a t e r  q u a l i t y  model s t u d i e s  t o  be performed. T h i s  r e p o r t  
p r o v i d e s  t a b u l a r  sumnrar ies  o f  t h e  d a t a  r e s u l t i n g  f rom t h o s e  f i e l d  
s t u d i e s .  
I t  s h o u l d  b e  n o t e d  t h a t  t b e s e  s t u d i e s  w e r e  u n d e r t a k e n  
c o n c u r r e n t l y  w i t h  t h e  so-ca  11 ecl Richmond-Crater moni to r ing  program on 
t h e  upper t i d a l  James E-iver, The Richn~ond-Crater  w a t e r  q u a l i t y  s u r v e y s  
b e g a n  i n  t h e  summer o f  1983  and  c o v e r e d  t h a t  p o r t i o n  o f  t h e  James  
between t h e  f a l l  l i n e  and t h e  Chiclcahoniiny Rivem ( s e e  F igure  1). Only a  
few s t a t  i o n s  w e r e  l o c a t e d  i n  t h e  Appomattox i n  1983, bu t  t h e  number of  
s t a t i o n s  i n  t h e  Appomattox was s i g n i f i c a n t l y  l a r g e r  i n  1984 ( S e e  F i g u r e  
2 ) .  T h o s e  s u r v e y s  p r o v i d e  a n  overview of c o n d i t i o n s  i.n t h e  James and 
Appomattox F i v e r  systems and a l s o  document t h e  s e a s o n a l  v a r i a t i o n s  i n  
v a t e r  q u a l i t y .  The Riclmond-Crater s t u d i e s  of t h e  upper  t i d a l  James and 
t h e  t i d a l  Appomattox w e r e  conclucted u n d e r  t h e  a e g i s  o f  t h e  Richmond 
R e g i o n a l  P l a n n i n g  D i s t r i c t  Con~mission, The f i e l d  work was done by t h e  
s t a f f  o f  t h e  P i e d m o n t  R e g i o n a l  O f f i c e  o f  t h e  V i r g i n i a  S t a t e  W a t e r  
C o n t r o l  Doard (S17CB) and t h e  V i r g j n i a  I n s t i t u t e  of Flarine Sc ience ,  and 
t h e  Qccoquan Elonitoring Lab of V i r g i n i a  Tech p rocessed  and a n a l y z e d  t h e  
d a t a  and a l s o  d i d  l a b o r a t o r y  a n a l y s e s ,  
The f i e l d  p r o g r a m  i n  t h e  F e t e r s b u r g  s t u d y  c o n s i s t e d  o f  a  s o -  
c a l l e d  " i n t e n s i v e  s u r v e y "  o f  w a t e r  q u a l i t y  c o n d i t i o n s ,  p h y s i c a l  and 
p r o c e s s  o r i e n t e d  s t u d i e s ,  and  a  s e r i e s  o f  s l a c k w a t e r  s u r v e y s ,  a l l  
d e s i g n e d  t o  p r o v i d e  a  r e l a t i v e l y  cor l~ple te  and con:preherrsive d a t a  base  
f o r  t h e  Appomattox River .  I n  addi t j -on t o  t h e  monthly sl.aclr,water s u r v e y s  
cor?clur,ted b y  C!dCB p e r s c n n e  1 f o r  t h e  P.ichn:or,d-Crater smudy, t h e r e  were 
s l ackwate r  su rveys  of  t h e  Appomattox roughly  two veelcs b e f o r e  (low v a t e r  
s l a c k ) ,  f o u r  d a y s  p r i o r  t o  ( h i g h  wa te r  s l a c k ) ,  and one week a f t e r  (low 
v a t e r  s l a c k )  t h e  i n t e n s i v e  survey.  
The n e x t  c h a p t e r  i n c l u d e s  i n f o r v a t i o n  on t h e  f i e l d  measurements 
t h a t  d e s c r i b e  t h e  p h y s i c a l  s e t t i n g ,  and t h e  f o l l o w i n g  c h a p t e r  d e s c r i b e s  
t h e  w a t e r  q u a l i t y  s t u c l i e s .  Most o f  t h e  d a t a  a r e  p r e s e n t e d  i n  t a b l e s  
i n  t h e  append ices ,  The q u a l i t y  a s s u r a n c e  p r o g r a m  i s  d e s c r i b e d  i n  t h e  
f i n a l  c h a p t e r  of t h e  d a t a  r e p o r t ,  

LEGEND 
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Water Intake 
(Not to scale) 
Figure 2 .  Locations of Monitoring S t a t i o n s ,  O u t f a l l s ,  and In takes .  
(from Das, 1984) 
HYDRODYNANICS 
A l t h o u g h  t h e  p r i m a r y  p u r p o s e  o f  t h e  p r o g r a m  i s  t o  d o c u m e n t  
p r e s e n t  w a t e r  q u a l i t y  c o n d i t i o n s  and  p r o v i d e  t h e  d a t a  n e c e s s a r y  f o r  
a p p l i c a t i o n  of a mathemat ical  model of w a t e r  q u a l i t y ,  it i s  n e c e s s a r y  t o  
a l s o  unders tand  t h e  p h y s i c a l  s e t t i n g .  I n  p a r t i c u l a r  math models r e q u i r e  
in format ion  on t h e  channel  g e o m e t r y  and  w a t e r  q u a l i t y  c o n d i t i o n s  a r e  
g r e a t l y  a f  f e c t e d  by t h e  c i r c u l a t i o n  p a t t e r n s ,  Consequently t h e  f i e l d  
e f f o r t s  included ba thymet r ic  p r o f i l e s  of a number of channel  t r a n s e c t s ,  
m e a s u r e m e n t  o f  w a t e r  e l e v a t i o n s  t o  o b s e r v e  t i d a l  f l u c t u a t i o n ,  and  
measurement of w a t e r  c u r r e n t s .  Each of t h e s e  w i l l  be  d e s c r i b e d  below. 
Channel Bathymetry - On September 27, 1984 measurements were made 
t o  d e f i n e  t h e  ba thymet r ic  p r o f i l e s  o f  t h e  channel  bottom a t  t h e  n i n e t e e n  
l o c a t  i o n s  shown i n  F i g u r e  3 .  Where dep th  was s u f f i c i e n t ,  a  r e c o r d i n g  
fa thomete r  was used.  The d i s t a n c e  of each t r a n s e c t  from t h e  mouth of t h e  
r i v e r ,  t h e  c r o s s - s e c t i o n a l  a r e a ,  and t h e  average  dep th  of t h e  conveyancy 
p o r t i o n  a r e  p r e s e n t e d  i n  Table  1. The ba thymet r ic  p r o f i l e s  a r e  inc luded  
i n  Appendix 1 . 
Table  1. Loca t ion ,  Cross -Sec t iona l  Area and Mean Depth 
of Appomattox River  Transec t s .*  
Transec t  D i s t a n c e  from 
No , Mouth, m i l e s  
------a- - - - - - - .= - -.. - - -**.- - -. * 
1 1.12. 
1 A  2.18 
2 3.13 
3 4.64 
Broad S t .  6 .OO 
4 6.38 
5 7.70 
6 9.50 
7 10.87 
S 1 4.00 
S 2 5.60 
Shor t  Turn 5.62 
Pye A l l e y  6.25 
S 2A 6.79 
S 3 7.22 
S3A 8.26 
S 4A 8.35 
S 4 9.13 
S 5 10.84 
Cross-Sect ional  Mean Depth 
Area,  f t  2 f t  . 
* * * m . -" -- ---.-------------. - - -". -- ---*---- 
11,929 14.0 
5,482 16 .O 
9,081 11.3 
3,867 10.1 
688 4.5 
1 ,730 4.3 
1 ,360 5.3 
1,269 8.3 
835 6.1 
8,166 19.0 
2,961 9.3 
1 ,120  4.7 
6 1 4  5.3 
808 6.2 
1 ,432 9.5 
548 5,7 
1,036 8.7 
448 5.3 
*Transect  l o c a t i o n s  a r e  shown g r a p h i c a l l y  i n  F i g u r e  3 .  
Tide s tage  - Tide  gauges were i n s t a l l e d  roughly 3  t o  4 weeks b e f o r e  
t h e  i n t e n s i v e  w a t e r  q u a l i t y  su rvey  and were i n  p l a c e  f o r  a p p r o x i n ~ a t e l y  
s i x  w e e k s .  F o u r  F i s h e r - P o r t e r  r e c o r d i n g  t i d e  g a u g e s  programmed t o  
record  w a t e r  l e v e l  a t  s i x - m i n u t e  i n t e r v a l s  were i n s t a l l e d  and  o p e r a t e d  
a t  t h e  l o c a t i o n s  and  t i m e s  i n d i c a t e d  i n  T a b l e  2.  The complete t i d e  
gauge r e c o r d s  a r e  p r e s e n t e d  i n  t a b u l a r  form i n  Appendix 2 .  
Table  2. Dates  of Opera t ion  and Loca t ion  of Tide  Gages and Cur ren t  
Meters I n s t a l l e d  d u r i n g  t h e  Appomattox River  Study 
Ins t rument  Dates of Opera t ion  Locat ion* 
T ide  Gage 8110184 - 9/23/84 
T ide  Gage 7/31/84 - 9/17/84 
Tide Gage 7 /31 /84  - 9/07/84 
T ide  Gage 8/02/84 - 9/17/84 
Cur ren t  Meter 8 /24/84 - 8/31/84 
Cur ren t  Meter 8 /26 /84  - 8 / 3 1 / 8 4  
Cur ren t  Meter 8 /14/84 - 8120184 
"Locations a l s o  shown i n  F i g u r e  
Hopewell 
Boat Harbor ( n e a r  s ~ A )  
WWTP Pump ing S t  a t  ion 
Pump House ( n e a r  ~ 5 )  
S t a t i o n  S3A 
S t a t i o n  S4A 
S t a t i o n  5  
3 .  
Current speed and d i r e c t i o n  - T h r e e  G e n e r a l  O c e a n i c s  Model 6 0 1 1  
c u r r e n t  m e t e r s  w e r e  emplaced  a t  two l o c a t i o n s  i n  t h e  Appomattox River  
( s e e  F i g u r e  3  and Tab le  2). These l o c a t i o n s  correspond t o  wa te r  q u a l i t y  
s t a t i o n s  5  on t h e  n o r t h e r n  branch ( d i v e r s i o n  channe l )  and s t a t i o n s  S3A 
and S4A on t h e  s o u t h e r n  b r a n c h .  The c o m p l e t e  c u r r e n t  r e c o r d s  a r e  
p resen ted  i n  t a b l e s  i n  Appendix 3 .  
Dye study - A dye s t u d y  was conduc ted  t o  document  t h e  d i s p e r s i o n  
and f l u s h i n g  c h a r a c t e r i s t i c s  of t h e  r i v e r .  I n  o r d e r  t o  minimize f i e l d  
e f f o r t s ,  t h e  dye r e l e a s e  was timed t o  c o i n c i d e  w i t h  t h e  i n t e n s i v e  su rvey  
o f  w a t e r  q u a l i t y ,  On Augus t  2 7 , 1 9 8 4  f i f t e e n  ( 1 5 . 0 )  g a l l o n s  of 20% 
Rhodamine WT f l u o r e s c e n t  d y e  w a s  r e l e a s e d  t o  t h e  r i v e r  v i a  t h e  
P e t e r s b u r g  WWTP e f f l u e n t  d u r i n g  a  f l o o d  h a l f  t i d a l  c y c l e .  Th i s  method 
of d i s c h a r g e  r e s u l t e d  i n  a  r e l a t i v e l y  w e l l m i x e d  mass  o f  dyed  w a t e r  a t  
t h e  h i g h  w a t e r  s l a c k  ( s l a c k  b e f o r e  e b b )  a t  w h i c h  t i m e  t h e  i n t e n s i v e  
s u r v e y  commenced. S l a c k w a t e r  s u r v e y s  w e r e  made  on  s e v e r a l  d a y s  
fo l lowing  t h e  dye r e l e a s e  t o  document t h e  wa te r  t r a n s p o r t  and d i s p e r s i o n  
p a t t e r n s ,  
Tab le  3 .  Dye Sampling Schedule  
Date  Time* Type of Survey 
1800-1935 
0810-1024 
1230-1333 
1405-1503 
0930-1 107 
0800-0952 
1143-1301 
1342-1453 
*day l igh t  sav ings  t ime 
HWS ( s l a c k  b e f o r e  ebb) 
HWS ( s l a c k  b e f o r e  ebb)  
LWS ( s l a c k  b e f o r e  f l o o d )  
LWS ( s l a c k  b e f o r e  f l o o d )  
HWS ( s l a c k  b e f o r e  ebb) 
LWS ( s l a c k  b e f o r e  f l o o d )  
L a t e  Flood 
L a t e  Flood 

WATER QUALITY 
The purpose of t h e  w a t e r  q u a l i t y  moni tor ing was t o  document p r e s e n t  
c o n d i t i o n s  and t o  assemble s u f f i c i e n t  d a t a  t o  a l l o w  a mathemat ical  model 
o f  w a t e r  q u a l i t y  p r o c e s s e s  t o  be a p p l i e d  t o  t h e  r i v e r .  Consequently i t  
was n e c e s s a r y  t o  moni tor  c o n d i t i o n s  o v e r  b o t h  t h e  s h o r t  t e r m  and  t h e  
l o n g e r  t e r m .  Same s l a c k  surveys  p rov ide  a "snap sho t"  of c o n d i t i o n s  i n  
t h e  r i v e r .  When spaced over  a p e r i o d  o f  m o n t h s ,  t h e s e  s u r v e y s  a l l o w  
s e a s o n a l  v a r i a t i o n s  i n  w a t e r  q u a l i t y  t o  be  observed.  Condi t ions  a l s o  
v a r y  o v e r  s h o r t e r  t ime i n t e r v a l s .  The i n t e n s i v e  su rvey  provided around- 
the-c lock sampling f o r  twenty s i x  hours .  Thus two complete  t i d a l  c y c l e s  
were monitored and sampling occurred d u r i n g  b o t h  day and n i g h t  p e r i o d s  , 
s o  bo th  t i d a l  and d i u r n a l  v a r i a t i o n s  sbould be  apparen t  i n  t h e  r e c o r d ,  
Slackwater Surveys - Slackwater  su rveys  were conducted by t h e  SWCB 
on roughly a monthly b a s i s  a s  p a r t  of t h e  James River  s tudy .  A d d i t i o n a l  
s l a c k w a t e r  su rveys  were conducted f o r  t h i s  s t u d y  b e t w e e n  Augus t  1 0  and 
S e p t e m b e r  4 , 1 9 8 4   able 4 ) .  I n  v i e w  o f  c o n s t r a i n t s  imposed by t h e  
sha l low dep ths  and o b s t r u c t i o n s  t o  n a v i g a t i o n  i n  t h e  c r e e k ,  a l l  s u r v e y s  
were conducted dur ing  d a y l i g h t  p e r i o d s ,  The surveys  were conducted under  
va ry ing  c o n d i t i o n s  of f r e s h w a t e r  f low and was te load ing  and were des igned 
t o  p r o v i d e  d a t a  bo th  f o r  a s s e s s i n g  s t ream c o n d i t i o n s  and f o r  v a l i d a t i o n  
of t h e  wa te r  q u a l i t y  model, 
Tab le  4. S lackwate r  Survey Schedule 
Date Time* Type 
8/10/84 1011-1309 Low w a t e r  s l a c k  (SEF) 
8/23 /84  11 15-1 342 High wate r  s l a c k  (SBE) 
9/04/84 0800-0952 Low w a t e r  s l a c k  (SBP) 
"Daylight s a v i n g s  t ime  
S i x t e e n  s t a t i o n s  w e r e  sampled  dur ing  t h e  s t u d y  - twelve s t a t i o n s  
a long t h e  a x i s  of t h e  r i v e r ,  t h r e e  s t a t i o n s  a b o v e  t h e  h e a d  o f  t i d e  on  
Swif t  Creek, Appomattox f a l l s ,  and t h e  Appomattox Canal ,  and one s t a t i o n  
a t  t h e  P e t e r s b u r g  wastewater  t r ea tment  p l a n t  (WWP). S t a t  ions  l o c a t  ions  
a r e  shown i n  F i g u r e  4. 
A t  each s ta . t ion  in situ m e a s u r e m e n t s  o f  d i s s o l v e d  o x y g e n ,  w a t e r  
t empera tu re ,  and s e c c h i  dep th  were t aken .  Also a t  each s t a t i o n ,  samples 
were withdrawn from t h e  mid-depth of t h e  w a t e r  column and  a n a l y z e d  f o r  
t h e  fo l lowing  paramete rs  : 
T o t a l  Ni t rogen  CBOD-5 
Ammonia Ni t rogen CBOD-30 ( t a k e n  a t  s e l e c t  
N i t r i t e  + N i t r a t e  Ni t rogen t imes o n l y )  
T o t a l  Phosphorus Dye ( ~ e p t .  4 survey  o n l y )  
Ortho Phosphorus Chlorophyl l  

Intensive survey - An i n t e n s i v e  survey was conducted from highwater  
s l a c k  a t  1500 on August 27 t o  highwater  s l a c k  a t  1600 on August 28,1984. 
The sampling d u r i n g  t h e  i n t e n s i v e  su rvey  was c o n t i n u o u s  f o r  two t i d a l  
c y c l e s  ( a p p r o x i m a t e l y  25 h o u r s )  p rov id ing  d a t a  on both  t h e  i n t r a t i d a l  
and d i u r n a l  p a r a m e t e r  f l u c t u a t i o n s  i n  t h e  r i v e r ,  The d a t a  f r o m  t h e  
i n t e n s i v e  survey p rov ide  a b a s i s  f o r  model c a l i b r a t i o n .  
Sampling was conducted a t  t h e  t w e l v e  i n t e n s i v e  s t a t i o n s  shown i n  
F igure  4. The paramete rs  and sampling i n t e r v a l s  were a s  f o l l o w s :  
Ni t rogen and phosphorus s p e c i e s  
0 0 Cb.lorophyl1 a 
CBOD-5 
CBOD-30 
Dissolved Oxygen 
Temperature 
Secch i  Depth 
Dye 
every t h r e e  hours  
every  t h r e e  hours  
every  t h r e e  hours  
beginning a.nd end of survey 
every  hour 
every  hour 
every hour 
every  hour 
The r e s u l t s  h a v e  b e e n  p l o t t e d  t o  show l o n g i t u d i n a l  v a r i a t i o n s  of 
t h e  v a r i o u s  w a t e r  q u a l i t y  measures f o r  t h e  n o r t h e r n  channel  ( ~ i g u r e s  5-a 
and  b )  and  t h e  s o u t h e r n  c h a n n e l  ( ~ i g u r e s  6-a and b ) .  The s o l i d  l i n e  
shows t h e  a v e r a g e  c o n d i t i o n s ;  some e s t i m a t e  o f  t h e  s h o r t  t e r m  
v a r i a b i l i t y  c a n  b e  s e e n  by t h e  sp read  of t h e  i n d i v i d u a l  d a t a  p o i n t s  a t  
each s t a t i o n .  The p resence  of t h e  WWTP i s  a p p a r e n t  i n  t h e  p r o f i l e s  f o r  
or thophosphorus  and ammonia n i t r o g e n .  
Input measurements - Concomitant w i t h  each s l a c k w a t e r  s u r v e y ,  g r a b  
s a m p l e s  t a k e n  from t h e  blWTP e f f l u e n t  and a t  t h e  f a l l  l i n e  were analyzed 
f o r  t h e  same p a r m e t e r s  a s  t h e  r i v e r  samples. Table  5 i n c l u d e s  s e l e c t e d  
e n t r i e s  f r o m  t h e  A u g u s t  1 9 8 4  Month ly  Discharge  Moni tor ing Report  and 
p rov ides  d a t a  on t h e  q u a l i t y  and q u a n t i t y  of t h e  e f f l u e n t  d i s c h a r g e d  by 
t h e  P e t e r s b u r g  WWTP. The d a t a  g i v e n  i n  T a b l e  5 a r e  f o r  t h e  days on 
which t h e  s l a c k w a t e r  su rveys  and t h e  i n t e n s i v e  survey o c c u r r e d .  F r e s h -  
w a t e r  i n £  low t o  t h e  Appomattox River  was gauged a t  t h e  Route 600 b r i d g e  
bo th  b e f o r e  and a f t e r  a l l  w a t e r  q u a l i t y  s u r v e y s .  The r i v e r f l o w s  a r e  
i l l u s t r a t e d  g r a p h i c a l l y  i n  F igure  7 and a r e  l i s t e d  on a d a i l y  b a s i s  i n  
Table  6 .  
Table  5 
Monthly Discharge PIonitoring Report  
P e t e r s b u r g  FiTWTY 
Date 
8/10/84 
8 /23 /84  
8/24/84 
8 /25 /84  
8 /26 /84  
8 /27 /84  
8 /28 /84  
8 /29 /84  
E f f l u e n t  Flow 
mg d 
10.363 
8.304 
8.289 
7.721 
7.296 
8.054 
7 -967 
7.976 
D.O. ( ~ f f l u e n t )  
mg/ 1 
5.6 
6 - 3  
6.5  
7.2 
7 . 1  
6.3 
6 .3  
6.6 
Average 8.246 6 .5  40 
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Figure 5a. Water q u a l i t y  i n  the  nor thern  channel of t h e  Appomattox 
River on August 27-28, 1984. 
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Figure 5b. Water q u a l i t y  i n  t h e  nor thern  channel of t h e  Appomattox 
River on August 27-28, 1984. 
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Figure  6a. Water q u a l i t y  i n  t h e  s o u t h e r n  channel  of t h e  Appomattox 
River  on August 27-28, 1984. 
L J 
ATTCH RIVE3 INTENSIV' SURVCY 
MJWST 27-28,1984 
APWMATTOX R1VC17 INTFNSIVI SUI7VF.Y 
PJJCUST 27-28, 1984 
Stalions S1, S2, S3, 54, 55 
I To ta l  Nitrogen I 
Legend 
Mcrco 
P 
Pata 
APPOMAllOX RIVER INTENSIVE SURVEY 
AUCUST TI-28,1984 
Stations St, S2, 53, S4, S5 
N i t r i t e  + N i t r a t e  
0 O"1 4
'< Dala 
0.0 .t-, 
6 8 10 
MJLFS fROM MOUM 
4 6 8 10 
MlLf S f ROM MOUTH 
APPOMATTOX RIV'W INTChSIVE SURVEY 
PUCUST 27-28,1984 
Stations S1, 52. 53, 54. 55 
Tota l  Phosphorus I 
4 6 8 10 12 
MILES FROM MOUTH 
APPOMATTa R M R  INTENSIVE SURK,Y 
ALJCllST 27-28,1984 
Stations S1, 52, S3, S4, 55 
a 
AIWMATlW RIVEf2 INTENSIVE SUl3Vf.Y 
AUCUST 27-28,1984 
Stations St, 52, 53, S4, 55 
041 -. 7 
Ortho Phosphorus 
MILES FROM MOUTH 
Legend 
Y Data 
MILES f'ROM MOUTH 
Legend 
Mocn 
- 
Data 
Figure 6b. Water q u a l i t y  i n  t h e  southern channel of t h e  Appomattox 
River on August 27-28, 1984. 
TABLE 6 .  Appomattox River  FLOW a t  t h e  Route 600 Bridge 
MONTH DATE FLOW MONTH DATE FLOW MONTH DATE FLOW 
( c f s )  ( c f s )  ( c f s )  
AUG . 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
23 
AUG . 2 4 
2 5 
26 
2 7 
28 
29 
3 0 
3 1 
SEPT. 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
15 
SEPT. 16 
17 
18 
19 
20 
2 1 
2 2 
2 3 
2 4. 
25 
26 
2 7 
28 
29 
3 0 
J. 
- S p e c i a l  d ischarge measurements by U. S. Geolog ica l  Survey 
on Aug.28, 1984: 
Upper Appomattox River  Canal a t  R t .  600 a t  Motoaca, VA: 12,80 c f s  
Swi f t  Creek a t  U.S. Highway 1 a t  C o l o n i a l  Height ,  VA: 9.38 c f s  
Sediment Oxygen Demand and nutrient fluxes - I n  a d d i t i o n  t o  t h e  
m o n i t o r i n g  o f  w a t e r  q u a l i t y  i n  t h e  r i v e r ,  i t  a l s o  i s  n e c e s s a r y  t o  
c o l l e c t  a n c i l l i a r y  i n f o r m a t i o n  w h i c h  h e l p s  o n e  t o  u n d e r s t a n d  why 
c o n d i t i o n s  a r e  a s  they a r e .  The h i g h l y  o r g a n i c  s e d i m e n t s  t y p i c a l  o f  
many e s t u a r i e s  and e s p e c i a l l y  t h o s e  f r i n g e d  by marshes  can e x e r t  an 
i m p o r t a n t  i n f l u e n c e  on t h e  q u a l i t y  o f  t h e  o v e r l y i n g  w a t e r .  I n  
p a r t i c u l a r  t h e  d e g r a d a t i o n  of t h e  o r g a n i c  m a t t e r  and i t s  consumption by 
b e n t h i c  organisms r e s u l t  i n  an oxygen demand t h a t  can  b e  q u i t e  l a r g e ,  
e s p e c i a l l y  f o r  shal low systems. S i m i l a r l y  t h e  r e g e n e r a t i o n  of n u t r i e n t s  
w i t h i n  t h e  b o t t o m  s e d i m e n t s  c a n  a f f e c t  t h e  a m o u n t s  a n d  r e l a t i v e  
p r o p o r t i o n s  of t h e  n u t r i e n t  s p e c i e s  i n  t h e  w a t e r  column. 
Sediment oxygen demand (SOD) i n  t h e  Appomat tox  R i v e r  was m e a s u r e d  
w i t h  a closed-chamber b e n t h i c  r e s p i r o m e t e r  w h i l e  closed-chamber n u t r i e n t  
domes were u t i l i z e d  t o  measure b e n t h i c  n u t r i e n t  f l u x e s .  S i m i l a r  f i e l d  
m e a s u r e m e n t s  h a v e  been  made f o r  t h e  u p p e r  t i d a l  James  R i v e r ,  The 
Appomattox River  f i e l d  work was conducted from J u l y  6 t o  S e p t e m b e r  2 5 ,  
1 9 8 4 .  The r e s u l t s  of t h e  SOD measurements a r e  p r e s e n t e d  i n  Table  7 and 
t h o s e  f o r  t h e  n u t r i e n t  f l u x  measurements i n  Table  8 .  
aries - The d a t a  from t h e  w a t e r  q u a l i t y  su rveys  have been 
summarized i n  t a b l e s .  Appendix 4 i n c l u d e s  t h e  r e s u l t s  of t h e  s l a c k w a t e r  
su rveys  t o  moni to r  dye l e v e l s ,  t h e  w a t e r  q u a l i t y  s l a c k  su rveys  conducted 
under t h i s  program, a n d  t h e  m o n i t o r i n g  o f  t h e  P e t e r s b u r g  w a s t e w a t e r  
t r e a t m e n t  p l a n t  d i s c h a r g e  and  t h e  r i v e r  i n f l o w s  a t  t h e  f a l l  l i n e .  I n  
Appendix 5 t h e  r e s u l t s  of t h e  i n t e n s i v e  su rvey  have been t a b u l a t e d .  
Table  7.  Sediment Oxygen Demand - Appomattox River  
Date  S t a .  Ambient Water Ambient Dis . S.O.D. 
Temperature Oxygen 
(deg C) (mg/ l )  ( grn/m2/day) 
*ND = none d e t e c t e d  
Tab le  8. Ben th ic  N u t r i e n t  Flux - Appomattox River  
Date S t a .  Depth NH4 NO3 PO4 DO 
m. mg/m2/hr mg/m2/hr mg/m2/hr gm/m2/day 
4FFOMA1TUX P,T\/kR 
Route 600 €3-idge 
AUCJUS~ 1984. 
4.303 
Figure 7. Appomattox River flow in August and September, 1984. 
QUALITY ASSUFANCE PLAN 
The p u r p o s e  o f  t h e  f i e l d  s t u d y  was t o  obse rve  changes i n  wa te r  q u a l i t y  
w i t h  s u f f i c i e n t  d e t a i l  t h a t  t h e  causes  of t h o s e  changes could  be de te rmined ,  
i f  o n l y  i n  a  g e n e r a l  s e n s e ,  Fur thermore  i t  t7as unders tood t h a t  a t  some t ime  
i n  t h e  f u t u r e  a  ma themat ica l  model o f  w a t e r  q u a l i t y  would  b e  u t i l i z e d  t o  
s t u d y  t h e s e  w a t e r  q u a l i t y  v a r i a t i o n s .  I f  t h e  r e s u l t i n g  d a t a  s e t  i s  t o  b e  
u s e f u l  f o r  t h o s e  purposes ,  t h e n  t h e  measurements  m u s t  b e  o f  h i g h  q u a l i t y .  
The purpose  o f  a  q u a l i t y  a s s u r a n c e  p l a n  i s  t o  i n s u r e  t h a t  t h e  q u a l i t y  of  t h e  
d a t a  i s  t h e  b e s t  p o s s i b l e  t o  meet t h e  program g o a l s .  
A l t h o u g h  many t h i n k  o f  q u a 1  i t y  a s s u r a n c e  a s  e s s e n t i a l l y  a l a b o r a t o r y  
program, i n  f a c t  a l l .  p o s s i b l e  s o u r c e s  of  e r r o r  should  b e  c o n t r o l l e d .  T h u s  
t h e  q u a l i t y  a s s u r a n c e  p r o g r a m  i n c l u d e s  t h i n g s  s u c h  a s  s a m p l e  c u s t o d y ,  
c a l i b r a t i o n  a n d  m a i n t e n a n c e  o f  b o t h  f i e l d  and  l a b o r a t o r y  i n s t r u m e n t s ,  
r o u t i n e  l a b o r a t o r y  q u a l i t y  c o n t r o l  p r o c e d u r e s ,  and d a t a  p r o c e s s i n g .  Each o f  
t h e s e  w i l l  be d i s c u s s e d  i n  general .  te rms i.n t h e  fo l lowing  s e c t i o n s .  
F i e l d  Aspects 
F i e l d  Pleasurements - I n  s i t u  measurements a r e  made f o r  p a r a m e t e r s  s u c h  
a s  d i s s o l v e d  oxygen l .evels ,  w a t e r  t e m p e r a t u r e  and c o n d u c t i v i t y .  I n  g e n e r a l  
t h e  f i e l d  i n s t r u m e n t s  a r e  s u b j e c t e d  t o  r i g o r o u s  c a l i b r a t i o n  p r o c e d u r e s  
a n n u a l l y  a n d  a f t e r  a n y  s i g n i f i c a n t  breakdotm and r e p a i r .  I n s t r u m e n t s  a r e  
checked p r i o r  t o  each f i e l d  survey t o  i n s u r e  t h a t  t h e y  a r e  i n  good  w o r k i n g  
c o n d i t i o n  a n d  t o  document  t h e  m i n o r  v a r i a t i o n s  t h a t  e x i s t  b e t w e e n  t h e  
o r i g i n a l  c a l i b r a t i o n  and p r e s e n t  c o n d i t i o n s .  T h o s e  p r o c e d u r e s  h a v e  b e e n  
d e s c r i b e d  i n  d e t a i l  by Weilson and S a l l e y  (1985) and have been approved by 
t h e  U. S. Environmental  P r o t e c t i o n  Agency ( T r o v a t o ,  1 9 8 4 ) .  I f  t h e  c h e c k  
i n d i c a t e s  t h a t  t h e  i n s t r u m e n t  i s  o u t  o f  c a l i b r a t i o n  t h e n  i t  i.s e i t h e r  
r e p a i r e d  o r  e l s e  a n o t h e r  instrurnent i s  s u b s t i t u t e d .  
P r e v e n t a t i v e  Maintenance - F i e l d  i n s t r u m e n t s  a r e  main ta ined  r e g u l a r l y .  
Each i n s t r u m e n t  i s  c h e c k e d  f o r  a c c u r a c y  o f  c a l i b r a t i o n  b e f o r e  u s e  o n  a  
s a m p l i n g  r u n .  Minor ma1,functions a r e  n o t e d  i n  log  books t o  a i d  i n  t r o u b l e -  
s h o o t i n g  p r o b l e m s .  D u r i n g  p e r i o d s  o f  l o t r e r  f i e l d  a c t i v i t y ,  e s p e c i a l l y  
d u r i n g  t h e  w i n t e r ,  major  o v e r h a u l s  of t h e  equipment a r e  completed and much 
p r e v e n t a t i v e  maintenance o c c u r s .  
Check  S a m p l e s  - R ~ u t i n e l y  dcr;rn a- A& f i e l d  s u r v e y s  s p o t  s a m p l e s  a r e  
c o l l e c t e d  f o r  s a l i n i t y  and d i s s o l v e d  o x y g e n  a n a l y s e s  i n  t h e  l a b o r a t o r y .  
T h e s e  o c c a s i o n s  when bo th  i n  s i t u  r e a d i n g s  and l a b o r a t o r y  d e r i v e d  r e a d i n g s  
a r e  a v a i l a b l e  p rov ide  t h e  pr imary i n t e r n a l  q u a l i t y  c o n t r o l  check.  
S a m p l e  T r a n s f e r  - The f i e l d  s a m p l i n g  t e a m  r e t u r n s  s a m p l e s  t o  t h e  
N u t r i e n t  A n a l y s i s  Labora to ry  (wAL) and l o g s  i n  t h a t  b a t c h  o f  s a m p l e s .  The 
HAL s t a f f  t h e n  h a s  c u s t o d y  o f  t h e  s a m p l e s .  Although e f f o r t s  a r e  made t o  
i n s u r e  t h e  s a f e t y  of  t h e  samples ,  t h e  i n d i v i d u a l  l a b o r a t o r i e s  a t  VIMS a r e  
n o t  w a t c h e d  by s e c u r i t y  g u a r d s  d u r i n g  non-working h o u r s ,  n o r  a r e  samples 
s t o r e d  i n  locked c a b i n e t s  Thus t h e  d a t a  which  a r e  g e n e r a t e d  c o u l d  n o t  b e  
u s e d  f o r  c o u r t  c a s e s  o r  o t h e r  i n s t a n c e s  which r e q u i r e  c o n s t a n t  c o n t r o l  o v e r  
sample cus tody.  On t h e  o t h e r  hand,  eve ry  e f f o r t  j.s made t o  s a f e g u a r d  t h e  
i n t e g r i t y  of  each sanrple, 
Laboratory Quality Control Procedures 
C a l i b r a t i o n  o f  L a b o r a t o r y  I n s t r u m e n t s  - G e n e r a l  m a i n t e n a n c e  and  
c a l i b r a t i o n  of l a b o r a t o r y  i n s t r u m e n t s  i s  p e r f o r m e d  by t h e  t e c h n i c i a n  f o r  
e a c h  a n a l y s i s .  R o u t i n e l y  l a b o r a t o r y  ins t run ien t s  a r e  checked by q u a l i f i e d  
ins t rument  t e c h n i c i a n s  f o r  c a l i b r a t i o n  and f u r t h e r  maintenance i f  n e c e s s a r y .  
The t e c h n i c i a n  p e r f o r m i n g  t h e  w a t e r  q u a l i t y  a n a l y s e s  i s  r e s p o n s i b l e  f o r  
t h o s e  a n a l y s e s ,  i n c l u d i n g  q u a l i t y  c o n t r o l .  I n  t h i s  f a s h i o n  p r o b l e m s  a r e  
r ecogn ized  immediately and r e c t i f i e d  a s  q u i c k l y  a s  p o s s i b l e  t h e r e a f t e r .  
S t a n d a r d s  - For  each s e t  of  sanlples a t  l e a s t  f i v e  s t a n d a r d s  a r e  r u n .  
The s t a n d a r d s  c u r v e  i s  t e s t e d  by a  l e a s t  s q u a r e s  f i t ;  o n l y  t h o s e  w i t h  a  
c o r r e l a t i o n  c o e f f i c i e n t  g r e a t e r  t h a n  0 .995  a r e  a c c e p t e d .  S l o p e  a n d  
i n t e r c e p t s  of  t h e  s t a n d a r d  curves  a l s o  a r e  r ecorded .  
D u p l i c a t e s  and Sp ikes  - For every  t e n  s a m p l e s  r u n ,  o n e  d u p l i c a t e  a n d  
o n e  s p i k e  a r e  r u n ,  R e a g e n t  b l a n k s  a l s o  a r e  r u n ,  a s  a r e  b l a n k s  t o  t e s t  
d i s s o l v e d  n u t r i e n t  con tamina t ion  from f i l t e r s .  F i l t e r  b l a n k s  a r e  r u n  w i t h  
e a c h  new s e t  o f  f i l t e r s .  S h r e w h a r t  c o n t r o l  c h a r t s ,  a c c o r d i n g  t o  t h e  
p rocedures  s e t  f o r t h  i n  t h e  EPA handbook (60014-79-0191, a r e  k e p t .  I f  a n  
a n a l y s i s  i s  o u t  o f  c o n t r o l  a c c o r d i n g  t o  t h e  c o n t r o l  l i m i t s  of  t h e  c u r r e n t  
c h a r t s ,  t h e  a n a l y s i s  i s  c o r r e c t e d  and  t h e  s a m p l e s  a r e  r e r u n .  I f  t h e  
d u p l i c a t e s  and s p i k e s  a r e  o u t s i d e  t h e  c o n t r o l  l i m i t s  of  t h e  c u r r e n t  c h a r t s ,  
t h e  a n a l y s i s  i s  c o r r e c t e d  and t h e  samples r e r u n .  The q u a l i t y  c o n t r o l  d a t a  
i s  r e v i e w e d  d a i l y  by t h e  l a b o r a t o r y  s u p e r v i s o r  t o  i n s u r e  t h e  q u a l i t y  o f  t h e  
d a t a .  
I n t e r - l a b o r a t o r y  Comparisons - !Then p o s s i b l e ,  b l i n d  d u p l i c a t e s  a r e  used 
i n  a n a l y s i s .  I f  a n o t h e r  l a b o r a t o r y  c a n  p a r t i c i p a t e ,  s a n l p l e s  a r e  s p l i t ,  
R e f e r e n c e  t y p e  s t a n d a r d s  p r o v i d e  i n d e p e n d e n t  c h e c k s  on t h e  a n a l - y t i c a l  
s y s t e m .  T h e s e  i n c l u d e  b o t h  EPA r e f e r e n c e  s t a n d a r d s  and  c o m m e r c i a l l y  
a v a i l a b l e  r e f e r e n c e  s t a n d a r d s .  S a m p l e s  f r o m  t h e  Appomat tox  R i v e r  were 
ana lyzed  by a  p r i v a t e  Laboratory  h i r e d  by t h e  C i t y  o f  P e t e r s b u r g ,  a n d  t h e  
VIMS' HAL, The r e s u l t s  of  t h o s e  t e s t s  a r e  p r e s e n t e d  i n  a  l a t e r  s e c t i o n .  
O t h e r  Comments - H o l d i n g  t i m e s  a n d  p r e s e r v a t i o n  t e c h n i q u e s  a r e  
c o n s i s t e n t  w i t h  EPA g u i d e l i n e s .  I f  f o r  some r e a s o n  t h e  i n t e g r i t y  o f  t h e  
sample h a s  been l o s t ,  t h e  d a t a  i s  n o t  r e p o r t e d ,  I t  h a s  b e e n  f o u n d  t h a t  
c o m m u n i c a t i o n s  w i t h  o t h e r  l a b o r a t o r i e s  about  t h e i r  p rocedures  and s o l u t i o n  
t o  p r o b l e m s  o f  q u a l i t y  c o n t r o l  i s  a n  a d d i t i . o n a 1  c h e c l r  a n d  a l s o  a  
p r e v e n t a t i v e  mezsure te reduce  q u a l i t y  c o x t r o l  preblems. 
Audi t s  and I n s p e c t i o n s  - The NAL d e v o t e s  mos t  o f  i t s  q u a l i t y  c o n t r o l  
e f f o r t s  towards i n t e r n a l  a u d i t s  and checks .  Nowever EPA s p e c i a l  sanlples and 
s i m i l a r  samples a v a i l a b l e  from commercial groups  a r e  run  p e r i o d i c a l l y  t o  s e e  
i f  s y s t e m a t i c  e r r o r s  a r e  p r e s e n t .  I n  a d d i t i o n  t h e  BAL i s  v i s i t e d  and  
i n s p e c t e d  by EPA p e r s o n n e l  t o  i n s u r e  c o n f o r m a n c e  w i t h  E P A - a p p r o v e d  
p r o c e d u r e s  and methods. A v i s i t  i n  t h e  fa13 o f  1984 i n d i c a t e d  t h a t  "a good 
q u a l i t y  a s s u r a n c e  program has  been i n s t i t u t e d " .  ( ~ r o v a t o ,  1984) 
P r e v e n t a t i v e  M a i n t e n a n c e  - L a b o r a t o r y  i n s t r u m e n t s  a r e  m a i n t a i n e d  
r e g u l a r l y .  I n  a d d i t i o n  t h e  coniputer based program f o r  reduct i .on  of n u t r i e n t  
d a t a  i n c l u d e s  in fo rmat ion  on t h e  s p e c i f i c  i n s t r u m e n t s  used and t h e  a n a l y s t .  
Thus it i s  p o s s i b l e  t o  moni tor  s p e c i f i c  i n s t r u m e n t s  o r  t o  go  b a c k  t o  p r i o r  
work and  e x a m i n e  t h e  r e c o r d s  t o  s e e  i f  problems have a r i s e n  suddenly  o r  i f  
t h e  problem h a s  been deve lop ing  o v e r  some p e r i o d  of  t ime.  
C o r r e c t i v e  A c t  i o n s  f o r  Out-of - C o n t r o l  S i t u a t i . o n s  - When i n s t r u m e n t s  
m a l f u n c t i o n  o r  a r e  suspec ted  of  m a l f u n c t i o n i n g ,  c o r r e c t i v e  p r o c e d u r e s  a r e  
taken.  I n  t h e  bJAL t h e  c a l i b r a t i o n  curve  which i s  f i t t e d  t o  t h e  s t a n d a r d s  i s  
i n s p e c t e d  t o  i n s u r e  t h a t  t h e  r e s u l t s  a r e  s a t  i s  f a c t o r y .  A d d i t  i o n a l l y  t h e  
d u p l i c a t e s  a n d  s p i k e s  a r e  compared w i t h  h i s t o r i c a l  m e a s u r e s  of  q u a l i t y  
c o n t r o l  t o  i n s u r e  t h a t  ou t -o f -con t ro l  s i t u a t i o n s  do n o t  develop.  
When t h e s e  s i t u a t i o n s  do  d e v e l o p ,  s a m p l e  a n a l y s i s  c e a s e s  u n t i l  t h e  
c a u s e s  of  t h e  problem can be determined (e.g. d e t e r i o r a t i o n  o f  r e a g e n t s  o r  
m a l f u n c t i o n  o f  i n s t r u m e n t  o r  e r r o r  by a n a l y s t ) .  I n  most i n s t a n c e s  it i s  
p o s s i b l e  t o  r e r u n  t h e  a n a l y s e s  a s  soon a s  t h e  problems a r e  r e c t i f i e d .  I n  a  
f e u  i n s t a n c e s ,  t h e  vo lume  o f  s a m p l e  r e q u i r e d  i s  s o  l a r g e  t h a t  i t  i s  n o t  
p o s s i b l e  t o  r e p e a t  t h e  a n a l y s i s  (e.g. macro-K j e l d a h l  a n a l y s e s  1. F o r  t h a t  
c a s e  t h e r e  i s  no d a t a  f o r  t h o s e  samples and t h o s e  a n a l y s e s .  
Repor t ing  Procedures  - Log books and o t h e r  r e c o r d s  o f  t h e  i n s t r u n l e n t  
m a i n t e n a n c e  a r e  m a i n t a i n e d  f o r  bo th  f i e l d  and l a b o r a t o r y  i n s t r u m e n t s .  The 
NAL d a t a  a r e  a r c h i v e d ,  b o t h  i n  terms of  l a b  s h e e t s  and t h e  computer r e c o r d s .  
Thus i t  i s  p o s s i b l e  t o  re-examine r e c o r d s  a t  a  l a t e r  d a t e  i f  q u e s t i o n s  a r i s e  
r e g a r d i n g  s p e c i f i c  d a t a  p o i n t s ,  
%ality Assurance Data for the Agpomttox River Survey 
D u p l i c a t e  samples w e r e  c o l l e c t e d  d u r i n g  t h e  f i e l d  s u r v e y  i n  A u g u s t  
1984. F o r  t h e  mos t  p a r t  t h e  d u p l i c a t e  s a n ~ p l e s  were ana lyzed  by t h e  VLMS' 
N u t r i e n t  A n a l y s i s  Labora to ry  and by Environmental  L a b o r a t o r i e s .  The l a t t e r  
had been h i r e d  by t h e  C i t y  of  P e t e r s b u r g  t o  p rov ide  an  external .  check on t h e  
w a t e r  q u a l i t y  a n a l y s e s  b e i n g  p e r f o r m e d .  The r e s u l t s  o f  t h o s e  d u p l i c a t e  
a n a l y s e s  a r e  sumrr ia r i zed  i n  t h e  follo.cr7ing t a b l e s  o f  i n t e r - l a b o r a t o r y  
comparisons.  
On a  few o c c a s i o n s  bo th  of t h e  d u p l i c a t e  sample p a i r s  were r e t u r n e d  t o  
t h e  VIMS' b$AL f o r  a n a l y s i s .  These samples t h u s  p r o v i d e d  a  " b l i n d "  t e s t  o f  
NAL p r o c e d u r e s  because  t h e  a n a l y s t s  were n o t  aware t h a t  t h e  samples were i n  
f a c t  t a k e n  a t  t h e  same t ime  and p l a c e .  The r e s u l t s  o f  t h o s e  a n a l y s e s  a r e  
summarized i n  t h e  VIKS f i e l d  d u p l i c a t e s  t a b l e s ,  
The s t a n d a r d  i n t e r n a l  q u a l i t y  c o n t r o l  p rocedures  w e r e  f o l l o w e d  d u r i n g  
t h e  Appomat tox  s t u d y .  The r e s u l t s  o f  t h e  l a b o r a t o r y  d u p l i c a t e s ,  sp iked  
samples ,  and s t a n d a r d s  can be o b t a i n e d  from t h e  NAL i f  d e s i r e d .  
TABLE 9 .  IPITER-LABOkATORY COPPmISCBEZS 
S t a t i o n  
SWCR 
tr  
S t a t  ion 
Dissol.ved Oxygen (mg/ l )  
Winkler T i t r a t i o n s  
Date Time VIVS 
ROD ( m g / l )  
Date '6 ime VEMS 
Env. Labs. 
7.35 
7.40 
7.69 
7.72 
7.83 
7.15 
5.51 
5.75 
3,86 
6.04 
7.58 
6.96 
10.58 
8.20 
6.81 
3.85 
7.03 
6.29 
9.31 
7.34 
3.57 
8.07 
7.113 
7 .78  
7.51 
7 .69  
7.42 
Env. Labs. 
nf* 
c a 
c 1 
2.00 
1.00 
2.00 
* n o t  found 
Table  9 (Cont '  d) 
S t a t i o n  Date 
T o t a l  Phosphorus (mg/l) 
T i m e  VLElS 
Ortho Phosphorus (mg/l) 
Env, Labs. 
T a b l e  9 (~ont'd) 22 
S t a t  ion Date 
N i t r i t e  + N i t r a t e  Mitrogen (mg/l) 
Time VXMS 
Ammonia Nitrogen (mg/l) 
Env. Labs ,  
TABLE 10. BIBfS FIELD DUPLICATES 
Dissolved Oxygen (mg/ l )  
S t a t  ion Date Time # 1 
* Bubbles i n  b o t t l e  
T o t a l  Phosphorus ( n g / l )  
S t a t i o n  Date Time # 1 
T a b l e  10 (Cont 'd)  
Ortho Phosphorus ( r ~ g , / l )  
N i t r i t e  + N i t r a t e  Ni t rogen (mg/ l )  
Armenia Nitrogen (mg/ l )  
T o t a l  Ni t rogen  (mg/ l )  
REFERENCES AND LTTEPJ.TURE CITED 
Das, K .  C. ,  " F i n a l  Richmoncl-Crater James R i v e r  E s t u a r y  Water  Q u a l i t y  
P f o n i t o r i n g  P r o g r a r , :  1984-85 S u r v e y  ~ e r i o d " ,  V i r g i n i a  S t a t e  lalater  
Cont ro l  Board, May 21 ,  1984. 
G r i z z a r d ,  Thomas J. and  E a r r o n  L.  Veand,  "Water  Q u a l i t y  Review and 
Analysis-Richmond-Crater James R i v e r  V a t e r  Q u a l i t y  M o n i t o r i n g  
P r o g r a m :  F i n a l  R e p o r t  on 1983-84 I 4 o n i t o r i n g "  D e p t .  o f  C i v i l  
Eng ineer ing ,  V i r g i n i a  Po ly techn ic  I n s t i t u t e  and  S t a t e  u n i v e r s i t y ,  
August 1984. 
Ne i l son ,  Bruce and Be t ty  S a l l e y ,  "Analytical .  Methods f o r  V a t e r  Q u a l . i t y  
T e s t s  and  C a l i b r a t i o n  Procedures  f o r  In-Stream Measuring ~ e v i c e s " ,  
V i r g i n i a  I n s t i t u t e  of Marine Sc ience ,  March 1985. 
Trova to ,  Ramona, "Laboratory  and F i e l d  E v a l u a t i o n  Report  of t h e  V i r g i n i a  
I n s t i t u t e  of Marine Sciences  N u t r i e n t  Ana lys i s  Laboratory:  December 
1 3 ,  19  84" US Environmental  P r o t e c t  ion  Agency-Region 111, Annapolis  
MD, 1984. 
